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Abstract ! 


The semiconductor device has a substrate structure (4) with a power semiconductor element (1) 
sandwiched between a pair of heat conductive plates (2,3). The plates fit into a channel (72) provided 
by a pair of cooperating heat sink elements (5,7). A clamping device (6,8) secures the substrate 
structure between the cooperating heat sink elements. 
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st^tifcMf!: (5, 7) &ffiz.z*m&mmKis^ 

X. t&m&WL (2, 3) btkWkW (5, 7) fcWRBfc, 

s»^i4d-o^ig?ttSr#-rs msm ( 9 a ) su^wjmw 
Oa) fcrt-a$ttfci»e^ttros-a-«- Ob) 

Z®mtt (9) ^^$tbTV>5^t Sr#®:t LTV^ 

[0 0 2 4] ^*LlC<fcoT, (2, 3) irSjtf^ 

fl: (5, 7) £ (Og!ft6#B{^:*5^^-C, (9) <»it 

ftfcitJ, fi*«l 2|5^»5IWi:lH)«IWf^ffl^Sr|SE 

(9 a) lt*«l 5ta^ro%McDJ: pf^ % 3^14^5 
10MPa«T, *F*L<tt0. lMPaJWTOf^SKb 

tt«fjm-cfc^rt3)5»*L<, m-su ob) « % is* 
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[0 0 2 5] ffsftJSl 7 m$L<D&m-Vt£, 

(9 b) £ % *#£»J|£SlS&<Dift^a>bmLT^ 

sa»^ gMMfl- Oa) ^a^i;<3E*$*5r tas-e 
;»c#&tt£fo-h f»*<S 1 8 U&Oftm 
©<t5^ iE-g-W (9 b) £ % **©*fc-T-asaEJ*L*:t> 
WtLTfc, 8Mg*t (9 a) -.©^JKSr^wav^tO 

[0 0 2 6] if*«l 9^V>Lif**2 2!E«<£> 

SSWtt, ^tl^tK S-^lt (9 b) (OMrftto^&t&mm 

*f (9 b) Sr. «&BI*fctt»MSr«lofc^itL< tt> y 
v-^t Lfe»*«l 9|H«OgB^-tt" (9 b) |C*5^T, 

3) ttmto- (5\ 7) ttgL, r6]ia&fs& 

[0 0 2 7] KK N fi}*«2 4|Ha©^^{Cj;ixfJ > W 

(9 a) ro^ffiA^^W^-Brfc^ffi^ (9) £ 

&m&&. (2, 3) ir&Uft^ (5, 7) £©HKtf«E3 
-Br5J;5t-b-cv^d^. (2 N 3) btkmft 

(5, 7) t \z.&-rz,mm<omm- a^x, eas^is*) 
[oo2 8] fc*3, ±faLfcfi§5airto^-§-f± % ^i&i-s 

[0 0 2 9] 

[$§93©JI|i£<Dl?flg] (ft l MTftft) *jyfc)£Sgtt\ 
*359r©¥3M£3£B£, ^aW*** t Lt© I G B T 

[oo3o] ei i ti*mmmm\z.mz>¥HHtmm ( i g 
« (s i ttwidtt- j^iwa-c^i-) 

B2B01OA^S@, 0 3f20 2<DB-BBrffi0 > 0 

ilOOIJ, -*t©iB5?S&e»t?fe©i!fe&£« 2 % 3 ©rate 

^TCESUT^S. EStt, *i?8 5:*$«>tttt5i 
fclcj^frfeft,*. ££T«, 0 3 Kl^-MHSK. *«fr4 

ti«$tlS (0^0tJT-f±6te) H?iJ^Ee^ttTV^5. 
[0031] ifcic, ^SB©^^^-^^*. 
t« B5 (a) , (b) |e, £tt{M4>HMM*J*frii% 
•f. E'5tC*SV^T, (a) tt^#3f^lXift&g:*4g 
2 (04f, feffid) (b) t£mm&tiL3 (04 



IGBTfyT'laMFWD (77-f *-f-;V^t 
— K) f^7'lbA^)5:5 0 a 

[0 0 3 2] *fegt&«2, 3tt, ifi5fSftea|te»« (*0J 
-Ctt*#»» fS^*^ttfia|x.«, »17 0W/mK) -C 

SP*>rt® 2 a mfi, 0 5 (a) {C^-f-^fC, 
r±, #K>T/W$^*.A («ai^tfSC^i5 0. 5 m 

*icj;i9ii[S!Si»j#^e>n-cv^-5„ unmet, mm\^ 

[0033] ^2 i <om#L\z.-r>^x 

nm-rZo ir±, sis (a) ^swiii 

S^^O^SSS 2 1 a t , rO*«S5 2. 1 acr>0 5 

(a) %;±ii%mz.±jj\ziiiu-tTmw!Ztixmmm&2fr 

$ttTV>5„ ril?)SS62 1a, 2 1 b tt-ftMStl 

[0 0 3 4] ig^-y2 1©SKgt2 l alcti, I 
GBTf'y7'l aMFWDf y/l b otttf (0g 
X_\Z^RWrt) ZtlX^Zo IGBTf!/7" 

1 ao^v^^mfii (Bl^-er-f) *CS«ffi2 1 alc-5 5 

TFWDfy7-lb©SffiitS (0^*-T) J55S«SB 

2 1 a|d^5«- (Mitf*H#) Sr7>L-C^-&^nxVN 

[0 0 3 5] }&{C, |fi»SS3CO^«:^y7'^tp<ffl 
©ffi, KMSaM, 0 5 (b) (c^-T^fc, a® 
A?* — ^3 1, 3 2^i2^$tl,-CV^-5o — >3 

i, 3 2tt, ^r>-w5:-^A^o«ii- (CTxfJff*^ 

[0 0 3 6] r^x, ti/^-y3 icdj^^ic 
ovN-rfft^-rs. ig^-vsiii, 05 (b) 

&M<n>W&M>z iai« dtf>&Kg8 3 i a <o 
0 5 (b) &Jb«8S5tc:Ji^'j;:|6j»t-c^lS:$n-CiffeM« 
3^f>tt^aiUfc^-gPBE^«ffl<04g^-gB3 lbi:K 
fi?j££*L-CV^-5. -tbfci^ll83 1 a » 3lbtt— 

[0 0 3 7] *VX. S«S63 1 bjcfi, ft^^SrTi 

-rrn^m 3&t>*3 4^* (05 (b) K-asa-h 



(7) 



4#H2000-91485 ( P 2000-9: 



*b-CV>5o «-£gB3 4£>*-#£r±, FWDfy7- 

i b(Dmmmmmi i b tiauj^Lv^, ju^b^t-* 

[0 0 3 8]— ;tr, tffi^-V32|r|J, ^ (El 5 

(b) Kxmm±^) ^tttfxte\zjEj?m#.&ti:-i-m& 
i$3 s&mmztix^z. m-&M3 5<D±% 

IGBT^y7'la©'>'-htSl2ai:lil^ 

biiS$^-r£ttMx.fSO. 5mmgSl^JtltV^„ 
^tbf>®-g-g63 3. 34, 3 5B, ^V^T^ris? 

x^^xmf&Zfrxjs*)* ^fni«^^-y3 
i, 3 2<z>±ffiic^ixfi^5W-ftt-±t)ii:^«tt)#d-e> 

[003 9]fLt, me>S"&S53 3 x 3 4. 3 505 
-hffiK, £5*t (#Jxti, ttA,*:**) Sr^JS'J^t- J: 9 & 

•g^-gTSi, IGBTfyT'laOi^^lilla 
RTfV— hMU 1 2 a , FWDfyT'lbOSItSl 
lb ^-n^tt, 3 <DS-S-gfl 3 2 , 3 3, 3 

ro 0 4 o] jggvN-c. ±m&mmn&%MiFm&m^ 
So w?u, s«#4is^$tt5o mms<* 

— V2 1, 3 1tt, ^©^K^tf k*WhjrS;*2 1 
c, 3 1 c fC^O«ffi^iib-C^b*?-C«!f^@ft-t- 
5^ fclcfc !j, pf>><*— ^2 l , 3 l<£>5*>> — ^Sr^ 

3 2fi, 17^^^^^ ^^m* ^-SeSlJftllHl^ 
[O 0 4 1 ] JfcK, y>; 5, 6, 7^fftltl 

o oto&mm^frfrznftK-o^x&^z,, £-f, EI 

13: 2 otf> ¥35 5 a , 5bt^ffi5c^of 

y? 6tt»f®as-&^^SrLT*Jt), *J?8#ii 

1004 2] fttQ^vy? 7f±, «#:<Btf>£;&fl:4 BP*> 

^ffig^ i (owm-fifaK-imKmisn 7 at. ros 

£gB7 a »¥ffi7 o a ^b^(l}Lf?l7 0 a b JS^iK 
^IS:fiS;i-¥®7 o b SrW-r-S^ttSgS 7 b i: a>P>fl}/££*b 

fi*^) asiS5/&«EaEK7 d is^«c*^- 1 roffi^iSj 



[0 0 4 3] ftj&SSEgg 7 d tt, *m&m* 1 OgE^r&J 

t-@^6±oK^7 o d ^.m&7 o dfrb&temm 

brt(^t55SJMK7 l dti't,*fi£Sixtf-©ftI 
WA"9P$rWL, s£ffi(D&m**^?!$bm i g£tiX. 

[0 0 4 4] £fc, S£g8 7aKltt;, *£?8 2Pfli£-£*l, 
5*^7 c &]&f$.£tlX^Z> 0 &-&g87aCD3Z 
E7 0 a irS*ffflS<?5ffi7 1 a ta^Ffflap-CfciJ , ^<£>BS7 
l a SrJRttffii: LT, ffi^y^y^- AftcoMffi (W 
z_t£. *—*<0±) Jc, 0 0&&*)nv<b 

W^^ffiitj^-^fjttSI&^Sr^:^, *PHRI<E>Jii2ig 

xvwifrsimxfrz. 

[0 0 4 5] rtDiftiP^'P' s/^ 7 t, T/Wi- =?.A^<D 

&m&<D&fcmm^m*htc.tt&xwmijQjL j $>yj * * v 

Anx^ici t)^$n-5„ fc*5, giJSKSS 7 l d <Djg^ 

ra, m4*><DmmKKx^-rm\z, &&i£4w<Dmm& 
*»E8S7 o d bmm.&btez i. 5J-^urt> ±<, 

[oo4 6] -ttt, ftsitkm^v smw-ffi (^m 
se^isjffi) 5 at, ismzfv 7(D^mg87 b (DW-m 

7 o b ttt, F^PlSrBBff-C*fr6iffig^^, ^oBSWtiS 
«fl:4i31fA^^XV^[HlSi5 (fltASB) 72tLtM 
$n-C^a o 0 4f^-#-«Hc:, mitkf&zfv y? 

5, S^Sfl^P j/^ 7 03^tiiSB7 b fi, ^i^SXtF^ 
2SSr^yc2 6 Srtp-L-t L-C^M{ffl^#{c, Sfri 

mrnxm— mmb L-cv^5^^ ^ix.fi, *{uw^ffi«:4 

[0 0 4 7] *09Xtt, @4 i?8frhtEmU'fr K 

*5VN-cta, mum?* stx. w-ms a^xm&m 
&3<DHffibm&h^ w-m m-&i$mkffi) sbttft 

^I^n 7»S-&g5 7 a<02pS5 7 0 a tSftU &ffi 
5 c \Z.X%S2tkf&7v 6<Oismnmfi b bm&LX 
^SJ^u yi/ 7tt, ^m^5 7 b <T>?£ffi 7 0 

b x&mmts. 2 <D*ym t s^u l-cv^» 

[0 0 4 8] — ^, 04^<O^^8d>P>*«JgB^l-j3VN 

Tta, »«#4tt&tfagB#fcp-sa-efc-5fc«>, mi 
iJci»^D 5fa, sp®5 a \zxmmm&2<Dn-mb& 

<tt L, spffi 5 b {ZXXt&y'v y 9 7 7 a O^pffi 

7 0a fc^L, ^ffi5 ci:iTm2i!S:^u 6C0-^ 

?^HiS6 7 b <DW-m 7 o b \cxmm&. 3 <o^b tgttL 
[0049] r r-c, ±mmiikm^ti y? srvhshi 

■fv y* 7 i*6|tS«2, 3tCffi»M, 2fctf, Ml 
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tkm-fvi y? 5 b#>n-7v yi> 7 tco«M#®{c*jv^ 

[0050] i£L<fi, B 6 K^-ratc^ ftffittiftltttNt 

7c*?>fc:iftjga? (50 vo l%£*Jb) (-lE-a-Lfct'O-Cfc 
-5. «»9aB, ffi^S«2, 3t»|!^S'^5S 

w^sp^d y ^ 7 tows:. mmts:<Mir>zzb&m& 

So 

[oo5i] -r-e, #fifl-ett, ^4b^4K9M&**r 
r±, sitt&fe*i^ (fclx-ii, 2. 5-5 p) 

1 OMP a «T> L< ttO. IMPaEA 

— ls?>V (fiajx.fi, 80~160Pa) SrffiV^XV^So 
— *\ E^lt9 bfi, ;(#Jx.fi, ^t*^) 

ig5:^5~5 0 /im£flfel,< Ii2 0~5 0(i mCDAS@ 

Jsfctt*^ (^^^9) Afc; e^Afe*JL-o&mjfc 

0. 4£V>L0. 2, ia-g-ltl^CVvUl 3©/hfifi^ 
m.^- (/J^7^7) B tW^mw^'iS^Sr^Lrc 

[0 0 5 2] ^-b-C, «Mg*t9 aTi,5-/!) =x— V-^/W 

(o* *) m^ftfc^ffi) -CfBUSHt^itSr fc-e, MlSSr 
S*fl-^*-t-ao £ 5 LT> JSrJKM* 9 a fcj; •? _hiE£-1g 
*IFffiSrBtW«l<S«)5i:i: tie, 9 b fe ± *) %>. 

[0 0 5 3] *Lt, ftm^v y9 7f£f$*g£n7h*v> 

* 5co&a5 5 c^jfffi^n-rv^s. ^-niciioT, m 

tkm^O y? 5(C*JV^-C, ¥ffi5att, ft^Py^7 

co^ffig? 7 b ospB 7 0b #iRjle, Jft&g*g 3 cofl-ffifc 
JfflEU ¥855 a il&ilL^-rS^DfiS bfi, iftiPXns, 

* 7 0&-&SB7 a 05pffi7 0 a filJfJE SftT^-So io 

^5, 7JCJ;-»-rifBE$tv, |HJgB7 2f*l£&K:-Cj£&@Jfe 

[0 0 5 4] i^-e, Jd£<Z>#fc, S««:4, fglJ&SS 
^cs'j5'5, £Wfrl$Xu j,* 7(£>^tttgB7 bfi. 



M^o^ 5 Srtf-LT, -eti-?ix&*— 4 

[0 0 5 5] Wij^&ttS^MIlOOli, 

©¥35 5 b RXf&m-?* v y? 7 <nm-£U 7 <D¥B5 7 0 a 

5. £fc, ii£Lfc¥JEKT^/&£nfcS«#4CD3-*fe 
^*&2, 3 <Oj>Vffi&T*W$6 7 2 COM 3 ! 2 ® 5 a , 70 b 

1 ^©ig;^^sciiR#9 

5. 

[0 0 5 6] ^Lt, ftfK^n 5£, ftSpXu s,^ 
7COS"^gg7C05pffi7 0 a (~g< 0 r ""C, DflgB 7 2 »C 
*JV^X, ffiW-ffiS a , 7 0 b<OWSr, g«#4<OJ?^ 
±coKPH-CIBf-t-C^< 0 -5-L-C, WSi&A Sr04 fcT-h 
^f>CfllfB7 2^AL, pSf^n 5, 7F^(cffi@^ 
t5. ii^-C, ^2*fe^ci s/i? 6 Sr, K6ai^ 
7 c t &ttl&-rZ> ± 5 Xitazfa y? 7(cg<„ 

[0 0 5 7] ^{i, *v>8£, @4Ht^2M/c y 
^6©±^^ M^6a, 7 c U:#AUS$i&-r3„ - 

6««5c, 6 bO^f^ffllCj; m2tkm-7* y 

? 6tiliMyo 5<o^|-gQ5 c l-«ioT#A;£ri6i 

Lj£jfbtu«-*««:4 SrJfJEL, =S-*««s:4 dSfflSB 7 2 
rtgStc-r^-^us';}' 5, 7tE»i^$ix5„ :h 

[0 0 5 8] 0 3^T>*EJ4»^i-fisiT?H:, mffi^ 

^2i, 3 nz.*srtz>MMft2 i c, 3ic(aa<osg 

SB* 5 , m— JS\k (0tpcojh*) JcSiU m$ *i/rv^5 ^, 
^-C 0 3 4 >p cOiffiBa^a:* (6j {j: 5l •? ffi L fc t> W t 

[0059] *llJfi^fli<D^kf^^^eov^-r, 0 

4^<O^v?8d^fcfcffl!lg8^Sr0tJ|ci:o-CiE'<i„ IGB 
Tfy^l aMFWDfyT-l b -X?|g^-f-5f!Rfa, I 
GBTfy/l aMFWDfj'T'l bO$i (J6^S 
«2ffiJ) a>6>*6«£«2, ^rb-C, !6^S«2^ffid^ 

susa-g^iRi^- 9 zmxisn? u y ? 7 <om\an 7 b , 
^L-c^w^t, As*, ^A-x^e^$n, 

[0 0 6 0] IGBTfyyiaSUiFWDf 
^lb^ffi (J6»fi«3lffl) ^P,1>I6»S«3, =t 
IT, *figtS«3^-ffid^i9;l^e»&fl&«-9^S-C^l 
&^S^o y ^5^, J^li, ^lifef^^D s/;? 5coqz®5 

b ri>e>iSHfte#;6fe?SM*9 S:g-c?&iP^o ^ ^ 7 wS^gS 
7a, 5tc:^irw-.i:XA-Xfcie5?*n, Sl4»*»te» 
^^ix5„ ^Wfr*^ l'MfflS^bSfel^^* 
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coos u t-^-e, ^mmmm^^nti. m&#4 
izmmmto vxukmsitzm i v ? 5 Rv&m 

a„ icitcfe^-c, mm#4 tmmutf its t 

[0 0 6 2] i*-?, -*i?8fi, Tftip^Dy^ 7K«tA 
StlftiRKUff 1 &c?&z?v y ? 5 £#A#|6j{cWjBE LTft 

oy^ett. *i?8(DffiXK£ QmttiUttfoM 5 a 
tbS5 7 b^|*j{^}fjEL-r^«ft:4SrCggg 7 2 Ic-cJEgfT 

*-f-5 SS«-C* < 1 1 i v>„ 

[oo6 3j zt>^ ^mmmmxti. &nmm$Mt 

vmirmmffi 7 o a i^^oiags 7 2 & g * ic 2 ^ 
«H-ffi«-e£, se^gaiee aa^BK&s. Mxa« 

[0 0 6 4J Jfc, *IHS»«i::J:ixtf, @«gB#6, 
8-Cifffi&fT*5Sfr-Ctt, S««t4filHjg5 7 2 1-ffA-T 

3^J£jgjSl£,fc;h-fi, l o©#iifcjip EEUtt 
^•5A>e., l,Ttt6o©iS*4 §r 3 o<E>|g 2 Jfc 

[0 0 6 5 J *IO(0W»teJ:*tHr, #£P:/d 

«^5¥-©*«IK7 d Sr^LXV^^b, 

4Rfr 4 ^flsfca^jtK 70di #S«#4 o/TBft&tt 

[0 0 6 6] *$mmm\z£titi:, g«#4©# 



7|C^T#5^b, ft&BSgg 7 d 

t, mmtem&mi&t Ltc^^^m^mm^m^x 

[0 0 6 7] ^Jg^ffiKintf, ^teUf^l 

2, 3Sr^rtL- : eti^S-^Ps'^5, 7tcg|^$-fr5 j;5 (c 

^•l^g5fi£Xfc5¥ffi7 0 a £K*HB«Offi7 1 a S:^ 

[0 0 6 8] *HJfi^fliXt±, IGBTfj-T-l 

aMFWDfy/l b©#*eiite8iS«2, 3 <Ofg 
3 1, 3 2 i£^5tttfK:J:!>«-&L 

[O 0 6 9] ^515, #^^g^Cl*3V^X, 

~3 0W/mK^£, (A^) |J||4 0W/ 

O^e^tti^JO. 8W/mK§STfc5 0 
[0 0 7 0] Jl|E2-0©*#Kro^rfKittS r ^»{c»ofc 

«>fc«, ^c5-<<, ^^t*«DBIMSrAti,-r, AvoflA!) 

0 . 0 3W/mKtfi^feftT 

te2^<o&#mc&t-ntc¥om<Dmtem-micBittmi,^ 
-5- © j» £ Jt M-r -s a> e> x fc 5 . 

[0 0 7 1] -fiSfc, S«-©^ffifc«^~^-H w ©Bflfl 
^p^aiJiS^-r^., «oT, *f-, S«-^±o®S:flfi 

*«:f;:»je>, 2-ooS«-Mlc6tKdS5l^-f-5- t ^{g;^ 
ffl <D m ffi& f£ Z> -t < ^ < ft P> ^ V n J; 5 -f- 5 - t d s 

[0072] 5*a^^e>, tfcslwirfcf&tei/y- 
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[0 0 7 3] ftfc, ifc&tt^ y — ^ tt^ /p^-;* t 

$5^3K^^flg{c«c^Ag7^7SrE-g-t-eo Ag 
t±.&m&&$tiif-X'*>5bbi>lz^ A 
g©fie^|Jillt)4 0 OW/mKii< , mSrSS^-L 

fc^tt-i-^. h timem^»» 2-3 w/mKg«t 

[0 0 7 4] £e>lc, Ag^^^SrigAn^^rtt^ ftfc 

ciders. -je^mii^fii^-rs^tt, 

Ag7-f7^±SrS«J«5^)J5fe5 B fBHiUfc^-frS 

©it) -?Ag-7 4 7m±&&j&-rzz.fz, ^.(ommts 

[0 0 7 5] Ag7^ 7<D^m^miSU^X^< 

(O^mfcfc^— * hTti, Ag©tf¥Sr9 0wt%ga 
^-^fc ltv>5*:<k 2o<DS#Pa-c. HJuiMHcJ:* 

[00 7 6] *&w&mt£. JblEwi 5 jSeftMo^ 
&ttt*&tt£0HH$*K A^mmm&mXZtiZ b3Z 

[0 0 7 7] ttt, tS&K, &f*£il|i& ±|H 



mmw9 aAvmmmtt 9 a icrt&s^fcji&eiiHtoE 

*0. IMP a EJlTOWR^fcttWJJi^^* ^tf><fc 

[0 0 7 8] J^T, rtltiMgalli^CE^S 
b Srffi-g-Lfcg^W^&Sr, 0 7 LH3 9 \z^:-f- 0 & 
*>\ m&^-^cp, a lM a2ti v S£ t) $ flZ 2 

-hI20 6^LfcfS^'e*®cl»«-9 i^OtO 

•ft^<0#tt*0. IMPaEtT) ^OfJBWSaC:, £ 

^«"9-Cfc5 (137 (a) ) „ 
[0 0 7 9] r^l-C, Mflg«9att, mmihKX*)^ 

^3j«fe5E36iSLTv^feie>, SSa^iav^iaa (fisjx«i 

[0 0 8 0] ifirfc, J;I2M-x?tt, ^(Djggfetttt, 
»J^iffi»S«2 > 3-C5t^-T5«)tOfc«) v ^JfeO^ 
tt^y-^.ro±5^«6Stt7^7tt4#fc^®^<, ±9 

m&m&offi^&mM-? ? (A gx cu^a ^irsr 

-ft:Str<0*fe«^ 0 . 3PaO->!) n — >-^|g «#jib#-) 
¥«Sl6flm©ftCu7>f7 (S-S-M) 1:93 
w t%ffi-g-LfcS-&, ^-e^^l . 3W/mKSr^B6;-c 

[0081] *m i »^^^:*^^^x^a. 0 7 
(a) t^-tiUfc:, $?>^. 7^7SriS3E«-r5feJ6 

m»* L<ti20~50// m©^^&^ (^C@7 
-f7) At, tfc^Afcl^U *iStfc0. 4^^U0. 
2 S E-^-Jtl : 1*V^L1 : 1 3 <D^b^m^M=f- (/h=S 

[0 0 8 2] ^f)7oA > BW^aC^ttJfc 

0. 2cm3 /cm3 JW±$>5 ^ b jJ^S 
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[0083J rr-e. brco^jgtt. list 

g, Cu(T>m. Ni, Al, SnfUf&m^ZZb&T? 
[0 0 8 4] ga-g-WWfe^co^i: LTfl, Bfcfc 

^^vffi-a-a (gB-&*r»iE-&») zmua-rz r t # 
[oo8 5] ^ri-xf, 12©^ ^i w^fcin 

r«>J»»^KA|-rsr irt\ Ag7^7 

So 

[O 0 8 6] 07 (b) fc{ffl{C^-r«(C, ^frU 

7 (b) ^m\^-tm\^ iM2 0(DS#-Cjf^io 
[0 0 8 7] t*>^./y^©fc*tC{J x #fJ!g#9 a 

±$e.mi<z>^&\z7jkL*i£ part's xoft 

iftsf-fb^n-c i^-s o-e, assess sn-rts-g-w 9 b^ 
[0088] 1 3©fsu, mm\z.i&&-?z>mfrt>, m 



<*> J: 5 7 w 9 <£>— M £• A g 7 a 7 £#JK 1 o Tfft 
[0 0 8 9] AgC^7o (*5C^-) fi, 

-e, fcSSaCjEigfiLfcAg^^^l^idS^L, C©t 
a*&gLfc7£i:£5 (^8 (a) #fig) „ ^<nj:?te7 

-< ^Sr^V^fd^-g-, 7^7tf$a!7 9wt%SStiS 
[0 0 9 0] &m3<D¥-m<Dfo<DM}z Lt, 

mttsr^-r (@8 (b) ) . 
[0091] ^offlvmrsK. mm#9 a £55 

*J £X*m 2 o^S-C* L.fc**3IMt7 A 7 SrgB-g- Lfc^ 

7Srffi^t>-er-cE-&*t9 b h Ltffiffst, 
[0 0 9 2] ttstfonwcifttf, KSia 100 

M m©C u y-f'-YTiSlofe^Jg^ y ->3. (100^y> 
a., S^20 0*m) {c, _h|EAga^7^7SrgS-& 

[0 0 9 3] ^4«^tt, «|g«"9 a {CgB-g-^tl-JtS 
b^ x 2o©»«-a lSTJ'a 2 i-ffllllt-K^S^ 

*t9 b&ffijkm&nft&VOt U2oOS«a lXt^a 

t>, #S*ta lWa 2ro5*a!J-^l!fl[!Ii^@C^MJC£:-C 

M&SATcom 1 L^4 (0«SHc^i- o 
[0 0 9 4] |gi<09»lfa, 

2 o(OSfl-(Dra(c^©^oi^ftSis^-r5 i 5 icSttt 

t ^SlSOfc*, *-f, ^S*t9 a t LtWx.ttiSttt 
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&2-o<D&ttffl\ziktt ma (c) #flg) „ &:jb\ mm 

— >"^#M§, #y^*7^^8tJig#j»sjg^£ ): h,.5 0 
[0 0 9 5] ^fc^Sr^SrfAfcSi&ttaifcsfc 

1&TJ& 2 mgrr-s £ pKifts,, -(Dwmyj 

-l" o V3M»/m, (Cu N Ni, Au, Agl) „ & 

[0 0 9 6] £P>Kl, 0 8 (d) =TAgB# 
3 (0 8 (d) KIT, #-S|-9 0 bgB#) «0f*5 
^0*«Cttd5K< ^< -Ct>^flg«-9 a CDgS^as, mtta. 

i s^-a 2 tct*&&£*i,*::Ri«-T\ -Mst-rs i 0 \C 
[0097] mm.X'mfrx-$>z%kmfc&ffim-c 

*• 5 ^ b xm-ft &-fr-c t> J; v\, 
[0 0 9 8] ^ 2 o{»Jli« 5 *a •) -^Bflfi-c 

X-ZZmm**) t>*£ft@£#o^|M4<£>S*f 9 lb© 
^BoK^i»tt©i«^;&fBUi9 2 b <H5tttfcE-g-#9 b 
Mxtf, S$M43r£ro2Ky ^^^/v (S*f) <£> 

9 1b L, -t (D*eD<Oifef^e 9 2 b # 2 OOStt 

a lXt5a 2 lCittS®-g-f-5 (09 (a) #fig) „ 
[0 0 9 9]7fct5 x 2 0(OS^a l&T*a 2 tOMOBSRfl 

WbLTti. Bf£*& (80 © r^vi5-^D^.j (& 
# : jj?y 31^^, : ^s/^vo«j|iSr*4fc^iKI 

ofcfc©) ^>MHS (#0 OKW: ^7 

[oioo] #cj^ Sgs^Jtt, &JK*j&Aj£g2-a-*t9 
b b Lfct<D-c$>5„ ^JS^I&flTtO:, *av^jR*fc8t£ 
SFitr^fc, JEEH8LT, *52v^ -5 i it?, 



(0 9 (b) #fig) . 

[0 10 1] $6>|C, J54 0«», SB^lc, *®c^gB 
^tr^fo^jg^^ 75rffi-g-*t9 b i: Ufc1>«OTffc^ 0 «»| 

n i ft=F<Dmm\^ $*m&£m$i%mtc7^7& 

fUfflT?#5„ ^tl-SrS^a lMa 2-C^tft, 

-TS^fc-C. B»»g-t-« (0 9 (c) #HB) „ *f c , 

ttabicm^±m&-ei>. mm?-, 2o©stt a ist; 

(0 9 (d) #180 „ 

[0 10 2] **J. -tbf>lgl~|g4(DfiilJ^^Lfc^ 

^m^fc'*rfflv^T1>J;v\ iSll^e^Scl^«-9 
[0103] (f2*fi^i) S10lc*«?S©S2|| 

mBm\^&z>*mw$imi o osr^-r 0 ^^j, *««:4 
rs, -tia^i^ifi^ffifciRi— t?$>5as, 010^ jggfe 

*«2 X 3^e>H:^tilbfc«S^^ — V2 1, 3 1|if 
i&Ltfci, */c, 01Orp, JlIEmi^Jfe^«it[^- 
S6^ttl^-^Sr#L^ BIT, ±tUXS*5Mlco 

[oio4] 010 ^mmmm-cti. ?&*p 

z^o y ^ 7 ^^:*^v^■r, S^S8 7 a©?ffi7 0 ad>f>i- 
m-MVi<D 2 oro^ttSSB 7 b Lt 
*J«9, ittfe 2o<o^ffig5 7 h©R-c, loffl*Eft4 
SrEESS^-T^flljg-CfcS., #?Sttlg5 7bB, _h|B|g 1 

<0, ^<D¥-mi o b tS*KWtt^B7 3S^fl|^;LTV^ 
5o LT, #35ttJSB7 bttrtg5»JiiiJJSK7 1 bSr^r-r 

[0 10 5] Sfc, *HJ6?^ffi-Ctt, SiM^P^ 
5 <0^«as ifB^ 1 HJfi^© b ttSft -5. 010 ^^r-T 

*^JS^«8»^i»c#6^«3 5|J, ^ospap 
(HttigB*f [6li5) 5ai ^T'n ^ 7 <E>— W (010 

*-t&w ^tase 7 b oHKmgB 7 2 £m&.-rz> rjt n 

PI— C*<5. Ld^L, ft»yPy^7iO«ttas£^"7 
aTfa^<, (01O(CT*ffi!l) ^ttJ^B 7 b ©^ffi 
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7 3 fcXftt>tlX^Z> B ^(Dtclb, $lft|yp^5 
flfeffi (¥S5 5 a tS^IBJCl) 53IJ, teffifl^ttJUB 7 b 

[oioeist ^mmmmxa, ±mmimmmm 

\Z-%rtf&2tkmya y9 6 ©ft*? 9 fc, =fA^^fl-«f 

•5. *VK7 c tt^feffli^ttlgB 7 bK^JSESnTV 

5. Sftttttt 1 4 tt H -Sgi^v?8iaoT«tti 
S6 7 b(c@^$n>i-^*>^flSt^5„ -5" L"C, *i?8tf> 

T, ^ffigBS^tt® 5 3 fi, tefflSfSttJSB 7 b CO^ffi 7 31: 

■C01O©T*t?t5„ *<D-ft#>, 3pffi5att, — WIS 
t0S5 7 b(03pa5 7 0 b^fj6]tc, *fi^g«3<Ofl-ffi£}fE 
U S«ff4tt, 2, 3«M^ffi§rifBE$ 

Elg6 7 2F*9gB^ffiS!@^$tu-5a 
[0 10 7] Jfi^S«2 % 3 yy 5. 7 

,&t)*, 7<D^#ffifi, 

5. tLt, **Jfi?gffi^i3V^-Ct>x JbfBfg 1 S&K^f® 
IBItmc, S«*4 t^v^s ir^PI— Wlf A^[^i:*o-C 

S„ *7t, Jft.lttftt^D yjr 5^±5S«flr4(0<g@^ 
[0108] (^3^Jfe^flg) 01 llC#3§9H«Sg3 3|| 

fi. ±.mm i Rxtm 2mnmmtm—?3bz&, ±mm 

lomm\^ 01 14>, tft^->2i, 3iB;ig-tJ& 
LT$>3. -hfE^l^ife^ffii:|^-g? 

[0109] &mmmm<Dmitkm^v sa, 01 

±C*l3BI^««>J&l*cfl!l^i»a'*5 

L.-Cfflv^fe>nT^-5„ ^^-C, if Eg8$t l 4 tt, |S 
lifef&TT'D ^5 5:01 1 »--c±^rd^T*— if 
ttSaSl JfflEgfWl 4 a i:, ilftfi^n y^SSrSl 
1 x a> e> £ x# 5 m ft <£> m 2 if JE 

1 4 b t^e>^^„ 

[0 1 1 0] yjcHJfe^tciJjv^xt, EUl{--C*^8 

(m4mmmm) mi 2tt&m<z>&4&temmz&z 
*m&%im 1 o o wiaB&efasififiK^^-r., *mmmme> 



*m#mm ioou, ±120 4 mm Lt^m^mmt m 
mm, -tt<D&mmm2, 3 <r>mm *m&m* 1 

-eS«#4§ri#/£L;fc|g v ^©S«fr4^i!i^t3s'i5' 

^^8$r*gi6#^-3ri:^J;»)fTi?t»-5„ 
[Olll] rr-C, ±f204{c^Lfc^lSIJg^ffi(O 

^mftrnm-vti. m&te'i&mw.zzj-i'xibzoymzi 

LT. *HJS?gffi-rH:S«#:4 3r«tfi# fh Vtct 
^5#±fe5ftljS-e&5o ioT. S«#4lc:j3tt.5 
11^-^2 1, 3 10115^2 10, 3 1 cfldfflSB 
(3 ffiLrtf [6] tt, 0f WiKffifiiff^lSj^StiJ fflL-fct> 

[01 12] *HJS^ffilc*5V^TB:, Kti»s'tiy?7 
fi. &HU7ab. r<OS-&gB7 a*»P,^ffi-fS^ffig8 

7 b^tjflij&^ix-cv^tfs. rr-e, ftnm#imffi&7 

d OgiJSfitgg 7 l d &Mf&ZtiK.mmi$ 7 b 1 co^ttl 
g»7 b t-TSo *fc, S^gB7 a d^^l«^ffig6 7 b 

•^7 cd5^^nfc^tilgB7 e £|g 2 O^ffigB 7 e t 

[0113] ^ LT, ^iP^o y * 7 tc*3|-j-.5&-&g6 7 
a ^ 1 (D^ttJgS 7 b iS&2 <733£fcHSB7 e t{di!3ffl* 

nz&mnK *«^4 *Jif Asnaoase 7 2 1 lt«« 

2 JJl^ L-C, ^SIT'P 3/^7 7 a <DW-M 7 0a 

©Ji^ (0i2to±*) a>ibif a£*k *egt*«2<o 

^-ffiiSiftiPT'D 7»5pffi7 0 a {^fefeLTSaBStt 
[0 1 14] £7fc y ^HJfi^fi-Ctt. f lMT'Py^' 

5 ^^:^3^^-c. JftSlr/n y ^ 7 co^thgB 7 b <o¥-W 7 o b 
(j:*}-r6]-r5^ffi 5 a tt. ;/ ^ 7 O^pffi 7 0 b 

S!«L-C*J(?, — fftSJ^o yiJ' 7 0*-&gS7 a 
357 0 a lc*Mpi-rS5pffi5 bfi, ilfe^:*«3©^-®i:ge 
ftfeLTV^o rro^life^CJ 5 t±, PflgB7 2«CS 
S*4Sr#A, SfLfe^ ftxtm^v 5<D¥-M 
5 b tftaj^o yif 7 0W-W 7 0 a t©PfllcS«{^4 £ 
8Etr±5l-, GASP 7 2(c#A^H5o 
[0 115] ^rL-C. ±fsmi^l£^i:l^«Hc, @^ 

(X^giJ«-) 8(Cj:oT, ^1*^13^^5^355 

^ i m&cfxi . y ? 5 ts, f&ai^'D y ^ 7 i w^ttsgs 

7 a^fSUcifS^n, ^iro^mg5 7 a {C«fibL-C3t*?f 

tt, @^gett6, 8coffA*I^»JiifBE$ix*«{*:4SrI!a 
§8 7 2KTJH£-r-5„ ,.- 

[0116] *55J6^{c*5v>-ci J> ei^lt 
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ovN-ciB^Si. £«flc4K-C3g£LfcfS&tt, *6§fcS« 

b$k> 3 <oftm frbmitkm^u y?s^ 

So 

[0117] 1 2 iciSi-^mWWSB 100 K*5 

^^5, 7fcJ;3<R@5eo£&*£rK^Tf4. _kfEM 1 |g 

mi&mmic*5\,^xi>. 01 2*<Dm&K' mxfa-rm 
fc, s«#4fl0cDf*3jp:;as£»fEgg7 o d fciRieart^si 
5 t-®j»ft*s 7 i d ©»:R*«je-*-*itf, ±mm i mug 
n t mm^m^m^x^ *„ 
[oils] (msmmmm) b^zx. ±mmimm 

#»»z:*l V»"t\ tkmtt 5 , 7 Mg^ffiOGDSB 7 2 fcRlt 

ioo (omv&mmm^m 1 3 t^-t- 0 

[0 119] &rc0iJ-Ctt, tkm#5^ 7lC6^@eOBflg6 7 
2 &W>tf. 7 2 tc&gfM AUctWtfc 

&«#4£[ggB7 2 ^ffiS-T-5fcJ6cD^2»c^D s,^ 
(JfflESW) 6fc x r©f 2ft^o y ^6^LT^ 

MWzfx — h (-««•;* xSW) 2ot, 

b2 0£#c?&#5, 7{^@^i-5fcJ60^v J 8 (3t^fgB 
«■) fcfcWUTV^S. 
[0 12 0] Zfu—b2 0|i, ffia»g>|B}— 
Kaffir 5 8Mfc<£>^jgSB2 0 a x 2 0bSrWf"5« 
#^2»fSfc:/ci -jy^ 6CD5*>4>&< t t> lo (0 
^09T?tt 3 ffiCD 5 HB) Ktt, -tlE^v^S: 

Kg? 6 d ft 6 a <T> 

5„ ftSl^'Ds'^ ft6 a K#JSL*:gS#K:_hfE 

*v?ft7 ciS^$ti-CV^S„ 
[0 12 1] LT X yi/-h20tt> El SKip-MR 
»-x y'U— h2 0^/££;ftfc1CiiftKi*^8<H?A 
U XA/4»©&2;ftfS&:7'i3s'* 6 ©ft 6 a SriiLT^iP 
7 ZtiX^Zo wOit, ^V— b 

2 0tf>3&BgB2 Oall, *<D9t%itft&ZZ&<Dm2tkm-7 
vy? 6<Dtfs{ KS66 cKfcife&StLTB^tK * 
fc, S£jgg»2 0 bfi x ^-<05tSSg8^jH4»:©^ KSB 6 d 
(-tt*ii*nXH^$tb, Z.frh%-tm&7xi yy 6 
«\ *^8 ©ffA*l*nl::i?JBE-r5o 



[0 1 2 2] j>x/8<D*i?&-£\Z.£*) ^ 3m<Dm2tfcm 

fflro-»«M«:4 £0flg&7 2l^ffi^$-fr5r ir^-Ct? 

4©#^{d*rLTHSO^i7 8{e:±*3jKf»#:5, 7— 05 

[0 12 3] ft**, &«{*:4 £2 jfcTcttl-IJg-r 
l-<>, Eeffi«(-XSC/cffiSf**TLS.offi^(Om2fe|% 
6tC^LTif £xJH<D3&g£B2 0 a, 20bSr 
ttST'l'- h 2 0 SrSffl-Ttt«J;V\ r^S-g-t, _h 

ie0 i 3 w^figtcs^tt , < & *> 1 mom 2 #tf& 

^^6|i ( a:^, ^^8SrfiJfflLTJ¥ffi-t-^^t^ 

<DfS 2 M7u -y?6 Sr^ggB 2 0a fctJf EE-fS <t 5 

[0 12 4] 7'l'-h2 Ott, ^t?8^<t fJife^ 

{*:5 V 7»r@^-T5t)<0-C^< 1 1 g'Jxtf, tkm 
7{C*3ft5ftiP7'ci 70^gB(CX, -T-Xs— 
h20 tf&*P^a j/jj' 7 h V •y7'%ttz.X®fe-rz>£ 

®^c*^v^-C, S«^4tt x K-SSr^T'ct s/^ 7—. m 
ffi Srlg 1 ifel^^p s/ ^ 5 Sr^- L-X^iPT' n s/ ^ 7 — b > 

immoffimttmm] 

m 1 1 *mw<o& i *ifi^fl§i-^s ^fr^»<o^ 

Sr^-T^E -c fe 5 . 
[^2] 0i©A^a@-e*)5. 

[03] EI2©B-B»fffi0Xfc5. 
[0 4] 0 3OgC5J-l£^:0-C?*)i. 

[0 5] ±mmiti:v^m4\^-rm&#:<Dmmmf$.& 

[0 6] ^^l^5S»«-<!O«l!£Sr*-f-sjiW0-t?S) 

[07] &&m\z.&kZ&mw<on*v>^&%^-tmx$> 
t>. (a) tt^Ko^g, (b) tzm2<D^m&fik-r 0 
[0 8] jiiEiS**t(oa^rc>#ss:*-r0-t?fci? % 

(a) 2SU* (b) tt^3©m (c) St>* (d) ajg 
4 0^©<0«-^Sr^:-ro 

[0 9] -hia^#itoa^o^sr*-f-0xs>ij, 
(a) jbm. (d) ttm4<D^©#CTSr^-r„ 

[010] *5gW»m2^1S^«8l^5^^BSr^ 
[011] ^^w^sHJfi^flS^s^^BS:^ 
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[012] *&m<om4mMmmizmz¥mftmm<DM 

[^•§-<o|ftK] 

1 2, 3-<6&««, 4 5 •• 

tflffi, 6 -^2 o 7 y?, 7 a 



(^lco^msB) , 7 1 a •• -ftmyv y?<z>mw.&H 

ffi, 7 d - ^mm^. 7 0 d ••-^Bfc88<D 7 1 
d -#!&3fc?&<£>g«gg, 7 e -iftiP^n ;/ ^ 2 

9b-E^, 14-#ttgB^ 20-yi/-h > 7 2 

-mu, 9ib-m 9 2 b-ifctBuio 



[@i] 



[0 6] 





-a 3 



:! b a 



-5 7 
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[03] 




5 76 5 7a 5 71a 5 



[04] 



1 5:W1tt»:/n** 8:*$> 




[05] 



(a) 



21c O 



21 1 



21 12a 21a 



11a- 



-2 
-2a 



1a lb lib 



10] 
100 



4 / 

13^514 
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10 7] 



a) (») 




[013] 

too 
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[09] 



(a) (b) 
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